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The efficiency of analyzing the rotor currents of asynchronous electric drives 
with frequency control is substantiated in the article. To assess the quality of 
torque generation in the engine it is suggested to use the spectral analysis of 
these currents and the fundamental harmonic, as the most accurate 
"conformity" of slip in an asynchronous motor. The proposed method 
showed that "sensorless vector" control leads to the appearance of high- 
frequency harmonics with significant amplitude. Because of these harmonics, 
a non-sinusoidal electromagnetic moment is created and the performance of 
the drive is decreased. The most effective method of torque generation is the 
frequency control with positive stator current feedback. This control is 
dominated by pronounced harmonic components, which indicates the 
proximity of this structure to linear and significantly better controllability of 
the drives, which makes promising their use in high-tech mechanisms, in 
particular, in industrial robots. Simulation and experiments confirm the 
proposed theoretical propositions. 
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1. INTRODUCTION 

One of the important assumptions on which methods of describing and analyzing AC motors is 
based is the assumption of sinusoidal currents of the rotor and stator [l]-[4]. This assumption is made in the 
derivation of the Closs formula, the construction of vector diagrams, the derivation of vector control and 
DTC technology (Direct Torque Control) [5]-[12]. The non-sinusoidal nature of these currents is remembered 
only when analyzing the interference created by electric drives. However, in reality, non-sinusoidal currents 
greatly reduce the efficiency of asynchronous electric drives, reducing the effective torque. 

Examples of the recommended use of Schneider-Electric frequency converters in the rotation 
mechanisms of tower cranes are known. Operators, trying to apply wind compensation mode, at which they 
try to start the drive 3-4 times per second, claimed, that the vector-controlled drive "does not have time" to 
work out the mode, although "old" drives with contactor circuits performed these tasks. These examples were 
explained by the inexperience of the operators, however, in view of the proposed studies [13], [14], these 
conclusions should be revised. 


2. PROBLEM DEFINITION 

It is rather difficult to estimate the spectral composition of the stator currents, which are the most 
accessible in asynchronous electric drives, since in them the predominance of the fundamental (carrier) 
frequency is very significant [15]-[18]. A short-circuited rotor is not available for measuring currents in it, 
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therefore, to identify the processes in an induction motor. The stand with a slip-ring rotor induction motor 
was created, into whose rotor circuits current sensors were mounted. The schematic diagram of this stand is 
shown in Figure 1. This stand includes the frequency converter (UZ1), which regulates speed of slip-ring 
induction motor (Ml).The speed data were obtained from an encoder (BR) located on the motor shaft. The 
stand allows to register synchronous diagrams of rotation speed and rotor currents in static and transient 
processes, and the software to the digital USB oscilloscope Hantek DSC-2090 (PG) makes it possible to 
perform spectral analysis of signals, including rotor currents [19], [20]. 



Figure 1. Schematic diagram of the stand 


It should be noted that the frequency of the rotor current is very tightly connected with the slip in the 
motor, i.e. with a discrepancy between the speed of rotation of the electromagnetic field of the stator and the 
mechanical speed of rotation of the rotor. This discrepancy in the induction motor determines the developed 
mechanical moment, therefore, in terms of the magnitude of the slip or the frequency of the rotor current, it is 
possible to estimate the efficiency of the formation of a mechanical moment with this or that control method. 
It is very difficult to estimate the real slip in a drive with a frequency converter. The point is that with vector 
control and with the corrected scalar, the stator voltage frequency changes. Therefore, even if the speed of 
rotation exactly corresponds to the preset, the actual slip, i.e. the mismatch between the rotational speed of 
the electromagnetic field of the stator and the mechanical speed of the rotor can take any values. 
Consequently, the efficiency of the method of torque generation is higher, the smaller the slip required for a 
given moment. And best of all, the real slip is estimated by the rotary current frequency. 


3. EXPERIMENTAL RESEARCH 

Similar results were obtained in experimental studies on a laboratory bench. Figures 2-5 show the 
time diagrams of the rotor currents at idle and under the same load close to the nominal one, as well as 
spectra indicating the main frequencies of the rotor currents [21], [22]. The values of the fundamental 
frequencies under load and no-load are shown in Table 1. 
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Figure 2. The diagram of the speed and current of the rotor of an asynchronous drive with vector control. 

Spectrum of the rotor current signal 




Figure 3. The diagram of the speed and current of the rotor of an asynchronous drive with closed-loop vector 

control. Spectrum of the rotor current signal 




Figure 4. Diagram of the speed and current of the rotor of an asynchronous drive with scalar control. 

Spectrum of the rotor current signal 
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Figure 5. Diagram of the speed and current of the rotor of an asynchronous drive with scalar control and 
stator current feedback. Spectrum of the rotor current signal 


Table 1. The valu es of the fundamental frequencies of the rotor currents under lo ad and at no-load 


Control system 

no-load 

under load 

Vector control 

2,1 Hz 

6,25 Hz 

Vector speed feedback control 

2,1 Hz 

8,75 Hz 

Scalar control without feedback 

1,69 Hz 

4,75 Hz 

Scalar control with stator current feedback 

1,75 Hz 

3,5 Hz 


Analysis of the spectra of rotor currents convincingly shows that the formation of the necessary 
torque in a vector-controlled electric drive, even when the speed loop is closed, is not the most effective, 
thereason for this is probably the presence of significant harmonics at a frequency of 3 to 8 Hz as shown in 
Figures 2 and 3.Attention should be drawn to Figure 3, vector control with feedback on the engine's rotation 
speed, after the load is thrown and the speed failure, the regulator "pulls" it, but the rotor current frequency 
does not change, which is indicative not of the efficiency of the torque generation algorithm for vector 
control, but about an increase in the frequency of the stator voltage. It is this structure that is implemented in 
the drive control scheme of the turn of the tower crane, which was mentioned in the introduction. The 
exceptionally "tightened" load parrying process is associated with insufficient torque and does not allow for 
the "quick" start-up modes of the turn actuator required for wind retarding attempts. And it should be 
recognized as "guilty" in this situation, an insufficient "understanding", especially the nonlinearities of an 
asynchronous electric drive. 

To explain these results, remaining within the assumptions made at the beginning of the article 
about the sinusoidal current of the rotor and the stator of an asynchronous electric motor under frequency 
control, is very difficult. Having considered the spectra of rotor currents, one can make the assumption of the 
presence of a much larger spectral composition of the rotor currents (and, consequently, of the stator 
currents) under vector control than in the case of a scalar one. It is very difficult to estimate the influence on 
the torque of these "harmful" harmonics by direct spectral analysis. But, estimating the fundamental 
harmonic of the rotor current, which corresponds to real slip, i.e. mismatch of the rotational speed of the 
stator field and mechanical rotation of the rotor, it can be concluded that the torque generation efficiency is 
effective for each of the considered control methods for an asynchronous motor (vector, scalar and scalar 
with dynamic positive stator current coupling). The results of the experiments as a whole coincide with the 
results of the experiments carried out earlier, but they contradict the generally accepted ideas. 


4. MODELING PROCESSES IN AN ASYNCHRONOUS DRIVE 

Moreover, before the creation of the stand, the model of the electric drive based on the induction 
motor and the frequency converter with vector control was carried out. In Figure 6 is showed the scheme of 
the AC drives compiled in the Simulink application of the MATLAB software environment, and Figure 7 
shows the block of the vector control system. 
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Constant 

torque 



Figure 6. The model of AC drives with vector control 
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Figure 7. The "Vector control" block 


The experiments were carried out in the following way: successive acceleration at idle speed to 10, 
20, 30, 40 and 50 Hz and a load drop at each frequency reference. The load was set by stepwise action equal 
to the nominal value of the motor torque. In Figure 8 shows the results of simulation of acceleration and load 
sketches at different speeds of rotation under vector control, in Figure 9 - with scalar without feedback, in 
Figure 10 - with scalar control with positive feedback on the stator current. 
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Figure 8. Modelling processes in an asynchronous electric drive with vector control system 
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Figure 9. Modelling processes in an asynchronous electric drive with scalar control without feedback 


The frequency of the rotor current under load (at a speed of 90 rad / s) with vector control is 10.6Hz, 
scalar without feedback - 2.72Hz, scalar with feedback on the stator current - L74Flz.lt is obvious that the 
frequency of the rotor currents is the lowest in the model of the system with a positive feedback on the stator 
current, while working at low speeds is stabilized in comparison with scalar control and, in practice, there are 
no speed dips in the load sketches, and in comparison with the vector one - significantly smaller frequency of 
the rotor current and, accordingly, real slip [13], [23], [24]. 

The frequency of the rotor currents is the lowest in the model of the system with a positive feedback 
on the stator current, which indicates a more efficient algorithm for the formation of a mechanical moment. 
At that, in comparison with the scalar control in an electric drive with a positive stator current connection, 
work at low speeds is stabilized and, in practice, there are no speed dips in the case of load surges, and in 
comparison with the vector there are significantly lower frequencies of the rotor current and, accordingly, the 
frequency of real slip. Analytic way to explain and, even more so. to predict this situation is almost 
impossible, so let's turn to experiments. 
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Figure 10. Modelling processes in an asynchronous electric drive with scalar control with 

feedback on the stator current 


5. CONCLUSIONS 

Thus, the spectral analysis of the rotor currents of an asynchronous electric drive has shown that the 
most effective method of torque generation will be frequency control with positive stator current feedback. 

As the spectral analysis shows, this control is dominated by pronounced harmonic components, 
which indicates the proximity of this structure to linear and significantly better controllability of the drives, 
which makes promising their use in high-tech mechanisms, in particular, in industrial robots. 
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